The failure of control programs for visceral leishmaniasis (VL) that depend on elimination of infected dogs suggests that other reservoir hosts may participate in the transmission cycle. To determine whether persons infected with Leishmania chagasi can infect the vector sand fly, laboratory-reared Lutzomyia longipalpis were allowed to feed on Brazilian subjects with active, cured, and asymptomatic VL and on asymptomatic residents of houses of persons with active VL. Of 3747 insects that had fed, 26 acquired infection from 11 of the 44 persons with active VL, but none acquired infection from the 137 asymptomatic persons. Among persons !4 years old with active VL, a history of diarrhea and higher peripheral blood neutrophil counts were independent predictors of infectivity. Further experiments using larger numbers of insects are necessary to evaluate the reservoir competence of persons with asymptomatic infections, who represent a large segment of the population of several Brazilian cities.
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In Brazil, visceral leishmaniasis (VL) is a zoonosis caused by
Leishmania chagasi and transmitted by phlebotomine sand flies from wild and domestic canines. This is in contrast to VL in India, where sand flies transmit L. donovani from person to person without known animal reservoirs. VL occurs in both rural areas and major cities of Brazil, and the incidence is rising despite a national control program that emphasizes identification and elimination of infected dogs [1, 2] . The failure to limit the spread of VL indicates that dogs may not be the only, or even the most important, reservoir of infection. Because of suggestions that infected persons contribute to transmission in Brazilian cities [1, 2] , we assessed human reservoir competence for L. chagasi in Teresina, where there were 11000 cases of VL in 1993-1995.
Materials and Methods
Study population. Participants in the study were residents of Teresina, a city of 700,000 persons and the capital of Piauí state in northeastern Brazil. There is no known transmission of other species of Leishmania or Trypanosoma cruzi in Teresina, and prior residents of regions where these parasites are endemic were excluded from the study.
Participants included 44 patients with active VL who had not yet received treatment, 22 persons who had been treated for VL, 27 asymptomatic persons with a positive leishmanin skin test but no prior history of VL, and 98 asymptomatic persons living in the households of persons with active VL.
The persons with active VL were identified at admission to the infectious disease hospital in Teresina. Severely ill patients and children !1 year old were excluded because the protocol required 11 mL of blood from each participant. The diagnosis of VL was dependent on the isolation of parasites from bone marrow aspirates or the documentation of clinical cure following treatment with pentavalent antimony. The 22 persons who had received treatment recovered 158-538 days (median, 316 days) before enrollment. The 27 asymptomatic skin test-positive persons had positive skin tests for 14 months. Asymptomatic household members were identified during visits to the homes of 24 persons with active VL who had been hospitalized within the previous 33 days. Of 108 eligible household members, 98 participated in the study, including 5 who had previously received treatment for VL. No participant was known to have human immunodeficiency virus (HIV) infection or other cause of immunodeficiency.
Infection status was determined by questions about symptoms, physical examination, leishmanin skin test, serologic tests, and a polymerase chain reaction (PCR)-based assay to detect Leishmania kinetoplast DNA (kDNA) in specimens of venous blood. Bone marrow and blood from symptomatic persons were inoculated into culture media, at the bedside. For evaluation of infectivity, laboratory-reared sand flies were allowed to feed on the skin of each participant. Diagnostic studies. For skin testing, 0.1 mL of the Mayrink antigen [3] was injected intradermally. Induration 15 mm in greatest diameter at 48-72 h was considered a positive result. One or 2 drops of bone marrow or 2 mL of heparinized blood was added to 2 tubes of Schneider's or Pan's medium supplemented with 20% fetal calf serum or NNN overlaid with Schneider's medium [4] . Cultures were examined at ϫ400 magnification twice weekly for 4 weeks or until promastigotes were found.
An ELISA [5] and an indirect fluorescent antibody test [6] to detect anti-leishmanial antibodies used antigens derived from a reference strain of L. chagasi (MHOM/BR/74/PP75). Serum samples from 5 residents of Teresina with parasitologically proven VL served as positive controls. Negative control serum samples were obtained from healthy inhabitants of Teresina; the optical density of these serum samples was 10 times less than the average optical density of the positive controls. Serologic tests were considered positive if the indirect fluorescent antibody test was reactive at a dilution of 1:80 or the optical density of the ELISA exceeded by 2 SD that of the 5 negative controls. For PCR, primers 13A and 13B were used to amplify the 120-kb constant region of Leishmania in venous blood samples during 30-35 cycles, as described in detail elsewhere [7] . L. chagasi DNA was used as a positive control, and noninfected blood and a "blank" were used as negative controls. PCR product was analyzed in gel and transferred to a nylon membrane. After cross-linking, DNA was hybridized with a PCRgenerated digoxigenin-labeled probe and detected with anti-digoxigenin antibodies conjugated with alkaline phosphatase.
Determination of reservoir competence. A colony of Lutzomyia longipalpis, the vector of VL in the Americas, was established from adult insects collected in Teresina [8] . Some 3-4 days after emergence, sugar-fed females were separated into groups of 10-25 in cm plastic boxes with an opening covered by fine-mesh cotton 4 ϫ 6 screen. The boxes were fastened to the anterior or medial aspect of the arm or to the posterior aspect of the leg. Depending on availability, between 10 and 100 sand flies per subject were allowed to feed for 30-60 min. Insects that had not engorged were permitted to feed for an additional half hour. Flies were maintained for 5-6 days after feeding, in an incubator at 85%-90% humidity and 24ЊC, on a diet of 30% sterile honey. After flies were immobilized at 4ЊC, the digestive tract was dissected in a drop of saline and examined for motile promastigotes at magnifications of ϫ10 and ϫ40. All surviving flies that had fed on the same person were examined individually until at least 1 was found infected; in each case, a maximum of 30 insects were examined. For the first 263 sand flies (from 9 persons with active VL and 30 household members), feeding status was not recorded, but, subsequently, the finding of blood or eggs was recorded, to indicate that feeding had taken place.
Statistical analysis. Fisher's exact test, Student's t test, and the Wilcoxon rank sum test were used for univariate analysis of associations between clinical parameters and infectivity. Because the number of sand flies that had fed differed for each person, a logistic regression model for grouped data was adjusted for the number of insects that fed and was fitted to evaluate the relationships between clinical variables and the probability of a single fly becoming infected after feeding (Stata Statistical Software, College Station, TX).
Results
Of the 191 participants, only 20 (11%) were !5 years old (table 1), largely because parents were reluctant to allow young children to participate. More than 80% of asymptomatic persons living in the households of persons with active VL had positive skin tests. The PCR-based assay detected parasite DNA in the blood of 28 (74%) of 38 persons with active VL, 8 (8%) of 96 persons living in households of persons with active VL, and none of the persons in the other 2 groups. Blood cultures of 13 persons with VL and 39 household members were negative.
Of the 8816 L. longipalpis used in the experiments, about two-thirds survived to the day of dissection. Evidence of feeding was found in 3747 (68.7%) of the 5456 flies that were dissected, and information on feeding was recorded. Twenty-six sand flies, or 0.5% of all those dissected, were infected with L. chagasi. No asymptomatic person was infective to sand flies, although cured and asymptomatic skin test-positive persons were exposed to the greatest number of flies (table 1). Parasites were identified in 25 (2.5%) of the 1000 sand flies that had taken a blood meal from the 44 persons with active VL. Overall, 25% (11/44) of persons with active VL infected sand flies. When 120 insects fed, 140% of persons were infective.
Clinical characteristics of persons with active VL who infected sand flies were compared with those of persons who were not infective (table 2) . By univariate analysis, the occurrence of diarrhea and the presence of parasites in the bone marrow were associated with infectivity. By multivariate analysis, age 
Discussion
This study confirms earlier reports that persons with active VL can infect L. longipalpis with L. chagasi. One-quarter of our patients with active VL infected at least 1 sand fly, and 2.5% of the sand flies that fed on them became infected. In other studies of persons with active VL, Deane and Deane [9] found that 4 (29%) of 14 persons infected 12 (15%) of 81 L. longipalpis to which they were exposed, and Sherlock and Sherlock [10] reported a 15% infection rate among 201 insects. In both studies, the persons who infected sand flies were healthy children. In a report by Molina et al. [11] , 6 of 6 persons coinfected with L. infantum and HIV were infective to sand flies, and as many as 89% of flies that fed on individual patients became infected.
In the present study, age, diarrhea, and peripheral blood neutrophil count were independent predictors of infectivity. After adjusting for the number of sand flies that fed on each subject, children !4 years old were 11 times more infective than older children and adults. This high rate of infectivity may be due to a greater burden of parasites carried by children, compared with adults, as manifested by the high rates of symptomatic VL that occur when children, but not adults, seroconvert [12] . Persons with diarrhea were 10 times more likely to infect at least 1 sand fly than were persons without diarrhea. This association between diarrhea and infectivity, reported here for the first time, may reflect heavy infection of the intestinal mucosa. Each 500/mL increase in the neutrophil count increased the odds of being infective by 13 times, suggesting that infected neutrophils may be an important source of infection to sand flies.
Because L. longipalpis ingests 0.4-0.5 mL of blood [13] , our finding of 25 infected sand flies among a group of 1000 is consistent with a density of ∼1 parasite in 40 mL of blood, or the equivalent of 1 parasite per blood smear. Because parasitemia is rarely detectable by examination of smears, amastigotes present in skin are probably an additional source of parasites for sand flies.
In areas of endemicity, where persons sustain as many as 30 bites from L. longipalpis per hour, a symptomatic patient could infect nearly 400 sand flies in 30 days, a typical time between onset of fever and treatment [14] . According to the Poisson distribution, 3%-4% of these flies would become infective, because the median extrinsic incubation period is 13 days (range, 7-17) and ∼2% of female flies survive 115 days after feeding [15] .
In this study, asymptomatic persons with positive skin tests did not infect sand flies, possibly because insufficient numbers of insects fed on each subject. However, even low-level infectivity among such persons would correspond to a substantial reservoir of infection, because of the high prevalence of leishmanin reactivity in Teresina. Indeed, by using a PCR-based assay, we have shown that a proportion of asymptomatic persons living in the households of patients with active VL are infected (authors' unpublished data).
If only persons with symptomatic disease are infective to sand flies, the determinants of human reservoir competence would be similar to those factors that determine the progression of infection to disease, such as age, nutritional status, and immune competence. The risk of disease after infection is low in the general population, but particularly vulnerable persons, such as malnourished children or persons with HIV infection, may be important reservoirs. This may be of special relevance to cities in northeastern Brazil, where HIV infection is concentrated and crowded favelas are home to malnourished children and their indigent families. When conditions favor the proliferation of the sand fly vector, such as in impoverished settlements on the periphery of the city, explosive transmission of L. chagasi may result.
